Preparation and characterization of chitosan grafted PMMA via gamma radiation for electrolyte in supercapacitor / Nor Kartini Jaafar by Jaafar, Nor Kartini
UNIVERSITI TEKNOLOGI MARA 
PREPARATION AND 
CHARACTERIZATION OF CHITOSAN 
GRAFTED PMMA VIA GAMMA 
RADIATION FOR ELECTROLYTE IN 
SUPERCAPACITOR 
NOR KARTINIJAAFAR 
Thesis submitted in fulfillment 
of the requirements for the degree of 
Doctor of Philosophy 
Faculty of Applied Sciences 
July 2018 
CONFIRMATION BY PANEL OF EXAMINERS 
I certify that a Panel of Examiners has met on 6 March 2018 to conduct the final 
examination of Nor Kartini Binti Jaafar on his Doctor of Philosophy thesis entitled 
"Preparation and Characterization of Chitosan Grafted PMMA via Gamma Radiation for 
Electrolyte in Supercapacitor" in accordance with Universiti Teknologi MARA Act 1976 
(Akta 173). The Panel of Examiners recommends that the student be awarded the relevant 
degree. The Panel of Examiners was as follows: 
Ahmad Taufek Abd. Rahman, PhD 
Associate Professor 
Faculty of Applied Sciences 
Universiti Teknologi MARA 
(Chairman) 
Azizah Hanom Ahmad,PhD 
Professor 
Faculty of Applied Sciences 
Universiti Teknologi MARA 
(Internal Examiner) 
Mohd Asyadi'Azam Mohd Abid, PhD 
Associate Professor 
Faculty of Manufacturing Engineering 
Universiti Teknikal Malaysia Melaka 
(External Examiner) 
Safir Ahmad Hashmi, PhD 
Associate Professor 
Department of Physics & Astrophysics 
University of Delhi India 
(External Examiner) 
PROF SR DR HJ ABDUL HADI 
H J NAWAWI 
Dean 
Institute of Graduates Studies 
Universiti Teknologi MARA 
Date: 28 June 2018 
n 
AUTHOR'S DECLARATION 
I declare that the work in this thesis was carried out in accordance with the regulations of 
Universiti Teknologi MARA. It is original and is the result oy my own work, unless 
otherwise indicated or acknowledged as referenced work. This topic has not been 
submitted to any academic institution or non-academic institution for any other degree of 
qualification. 
In the event that my thesis be found to violate the condition mentioned above, I voluntarily 
waive the right of conferment of my degree and agree to subject to the disciplinary rules 
and regulations of Universiti Teknologi MARA. 
Name of Student 
Student's ID No 
Programme 
Faculty 
Thesis Title 
Nor Kartini Binti Jaafar 
2009672304 
Doctor of Philosophy in Science (AS990) 
Applied Sciences 
Preparation and Characterization of Chitosan Grafted 
PMMA via Gamma Radiation for Electrolyte in 
Supercapacitor 
Signature of Student 
Date July 2018 
in 
ABSTRACT 
Solid polymer electrolytes may generally be defined as membranes that possess transport 
properties comparable with that of common liquid ionic solutions. In the present study, 
Chitosan (Ch), methyl methacrylate (MMA) were used to produce a grafted polymer Ch-
g-PMMA using gamma irradiation grafting method. The grafted polymer Ch-g-PMMA, 
lithium triflouromethanesulfate (LiCF3S03 or LiTf), ethylene carbonate (EC) and silicon 
dioxide (SiCh) were then used in the preparation of solid polymer electrolytes (SPE), gel 
polymer electrolyte (GPE) and composite polymer electrolyte (CPE). All samples were 
prepared by solution cast technique. Physical and electrical properties of SPE, GPE and 
CPE were investigated to find the suitable grafted polymer electrolytes composition for 
fabrication in lithium polymer supercapacitor. The conductivity of all samples was 
calculated from the complex impedance plot in the frequency range 100 Hz to 1 MHz. The 
SPE film containing 50 wt% UCF3SO3 in Ch-g-PMMA exhibits the highest conductivity 
of 1.42 x 10"4 Scm'1 at room temperature. The conductivity increased up to 2.96 x 10"4 Scm" 
1
 when 30 wt% EC was added to Ch-g-PMMA with 50% LiCF3S03. A further enhancement 
in the conductivity was obtained after ceramic filler particles (Si02) was incorporated to 
form CPE. The highest room temperature conductivity of 4.21 x 10'4 Scm*1 was achieved 
when 6 wt% Si02 was added to Ch-g-PMMA with 50 wt% LiCF3S03 and 30 wt% EC. 
Attenuated total reflectance-Fourier transformed infrared (ATR-FTIR) spectroscopy 
justified that PMMA was successfully grafted onto the chitosan backbone. Differential 
scanning calorimetry (DSC) studies show that the plastisized sample presents a lower value 
of glass transition (Tg) compared to the plasticizer-free sample which was due to lubricating 
effect. The temperature dependence conductivity shows that the conductivity of SPE, GPE 
and CPE was thermally activated implying to obey the Arrhenius-rule. The electrochemical 
stability window for Ch-g-PMMA-LiTf-EC-SiCh system is up to 3.2 V. Electrical double 
layer capacitor (EDLC) with configuration C/(94[70 [50Ch-g-PMMA-50 LiCF3S03]-
30ECJ-6 Si02)/C have exhibited 2.5 V working voltage and can perform for 500 cycles at 
current of 5 mA. Thus, it can be inferred that the samples could be a promising electrolyte 
candidate in any electrochemical devices particularly in the EDLC application. 
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